The Schumacher-Eschmeyer and the Schnabel estimators for closed population were employed to estimate the population size of Aegla franca from an isolated section (30 m long; area: 76.125 m 2 ) of the Barro Preto stream (208189470S; 478169370W) in the summer and winter seasons of the year 2005. These methods involve mark-recapture technique with multiple sampling, and each season estimate was conducted for eight consecutive days. The study area was isolated with a 4 mm mesh net to prevent migration of aeglids into or out of the study area. Traps were randomly set overnight and inspected for captured aeglids in the following morning. Two marking techniques were employed separately: a mixture of silver purpurin powder and fast-drying glue gel (summer estimate) and cauterization by red-hot pin head (winter estimate). All unmarked individuals from each sampling event were sexed, had their carapace length measured and were then marked, and released back in midpoint of the isolated area of the stream along with previously marked (recaptured) specimens. The Schumacher-Eschmeyer estimator provided very close results between the summer (N ¼ 212 and density ¼ 2.8 ind./m 2 ) and the winter (N ¼ 218 and density ¼ 2.9 ind./m 2 ) estimates. The Schnabel estimate results were also very similar to that obtained by the SchumacherEschmeyer method for each corresponding season of the year. Regardless of the marking technique employed, the results obtained and field observations from each estimate indicate that none of the assumptions required by both methods were violated. After subtracting the percentage of immature specimens, the projected overall population size of mature Aegla franca for the whole extension of Barro Preto stream varied from approximately 33,200 in the summer and 29,500 adults in the winter (Schumacher-Eschmeyer estimator) for an estimated area of occupancy equivalent to 0.0125 km 2 .
INTRODUCTION
The family Aeglidae Dana, 1852 comprises a single extant genus, Aegla Leach, 1820, and two extinct genera from marine sediment, Huamariaegla Feldmann, 1984 from New Zealand and Protoaegla Feldmann et al., 1998 from Mexico (Feldmann, 1984; Feldmann et al., 1998) . Aegla is found exclusively in freshwater environments, such as streams, lakes, and even water bodies inside caves. The geographical distribution of the more than 60 described species so far is restricted to the following South American countries: Chile, Argentina, Bolivia, Paraguay, Uruguay, and Brazil (BondBuckup and Buckup, 1994) .
The currently known distribution of aeglids in Brazil is limited to the southern and the southeastern regions (BondBuckup, 2003) . In the latter region, there are ten species described and all are endemic to Brazil. Four of these species present a fairly wide distribution range (Aegla paulensis Schmitt, 1942; A. castro Schmitt, 1942; A. marginata Bond-Buckup and Buckup, 1994 and A. schmitti Hobbs III, 1979) while the remaining 6 species show strong endemism as they have only been reported either from their respective type-locality (A. cavernicola Türkay, 1972; A. strinatii Türkay, 1972; A. perobae Hebling and Rodrigues, 1977; A. microphthalma Bond-Buckup and Buckup, 1994; and A. leptochela Bond-Buckup and Buckup, 1994) or from a very limited distributional area (A. franca Schmitt, 1942) .
The original description of Aegla franca by Schmitt (1942) was based upon specimens collected in 1910 from the county of Franca, state of São Paulo, Brazil. Since then, no additional specimens have ever been collected from the type-locality. The occurrence of A. franca is currently reported from six small streams that drain into the Canoas river system (SLSB, personal observation), located between the counties of Claraval (state of Minas Gerais) and of Franca (state of São Paulo). These records represent the northernmost distributional limit for the genus Aegla. The Canoas River itself does not contain an established population of A. franca (SLSB, personal observation), so the species presents a fragmented distributional pattern.
The estimation of population size provides important information in ecological field studies, especially when species facing risk of extinction in the wild are concerned. Description of several field methods for estimating the size of open and closed populations, and which require that markand-recapture technique be employed, are available in some reference books (see Seber, 1982; Abuabara and Petrere, Jr., 1997; Krebs, 1999) . A population is said to be closed when there is no change in its size during the period of size estimation, which means that effects due to migrations, recruitments, birth or death are considered negligible, while in the open population situation changes in its size is expected by one or more of the factors mentioned above (Seber, 1982; Krebs, 1999) .
There are very few papers regarding the estimation size of decapod crustaceans either as closed (Rabeni et al., 1997; Bueno and Bond-Buckup, 2000; Silva and Bueno, 2005) , or open populations (Fontoura and Buckup, 1989) . So far, Bueno and Bond-Buckup (2000) is the only published field study concerning the estimation of the population size of an aeglid species. This paper presents the estimated population size of Aegla franca from the Barro Preto stream (county of Claraval) in the summer and in the winter of 2005 by means of two mark-recaptured methods for closed population: the Schumacher-Eschmeyer and the Schnabel estimators. The absolute densities of mature individuals obtained for each estimate was employed to project the population size of Aegla franca for the estimated total area of the Barro Preto stream. This information-along with field studies on the reproductive biology, extension of geographical distribution, and temporal population structure-will be very helpful and relevant for ascertaining the risk of extinction of this species according to the criteria established by the IUCN (2001).
MATERIALS AND METHODS

Study Site
The Barro Preto stream is a small affluent (approx. 5 km long; area: 12,500 m 2 ) of the Canoas River. The latter represents the political boundary between the state of São Paulo (Franca, Cristais Paulista, and Pedregulho counties) and the state of Minas Gerais (Claraval and Ibiraci counties) (Fig. 1) . The study area comprised a 30-m long section (area ¼ 76.125 m 2 ) located within a private cattle farm known as Fazenda Barro Preto (208189470S; 478169370W). In this selected area, the water flow was slow, depth reached up to 80 cm, and the bottom was covered with a few centimetre thick mud layer evenly distributed over a solid rocky bed. Selection of area was based on previous personal field observations by one of us (SLSB) that it contained a fine and representative collection of large specimens of Aegla franca.
Field Work
Population size was estimated in two different occasions: February (summer) and late July/early August (winter), 2005. The SchumacherEschmeyer regression method for closed populations was used as the main estimator. Seber (1982, p. 142) suggests that this method should be used in conjunction with other method designed to estimate the size of closed populations. So, the Schnabel estimator (Krebs, 1999) was also applied on the same field sampling data. Both methods involve multiple mark-andrecapture events and require that some important assumptions be met, such as these: that the population is closed; that samplings are random; that marks do not affect catchability of marked animals and are not lost during the study period. Seber (1982) suggested that the experiment should be carried out over a short period of time if the assumption of closed population is to be maintained. Thus, the duration of the field study in each occasion comprised eight consecutive days.
To provide a closed population working condition, each end of the selected section of the stream was isolated with a fishing net (4 mm mesh), which was positioned across the stream between opposing margins to prevent migration of animals. Nets were checked for integrity and were cleaned in place twice a day to remove accumulated debris.
Animals were captured with the aid of eight metal traps (25 cm 350 cm 3 20 cm) which were randomly distributed in the isolated working area. Traps were set late in the afternoon and inspected for captured (both marked and unmarked) individuals in the following morning. Additional traps were placed just upstream and downstream from the enclosed area to verify whether marked animals were escaping or not from the study area.
Dried cat feed, containing fish meal as one of the main ingredients, were used as bait and placed inside a small perforated plastic container which was kept firmly attached to a metal hook inside each trap. The perforations were large enough to allow water to pass through the plastic container, thus allowing the scent of the bait to be released in the surrounding water, but small enough to prevent the aeglids from picking up pieces of feed from within and consume them. In the following morning, used hydrated feed from the plastic containers were discarded in dry land and replaced by new dry feed pellets just before the traps were again set in position underwater late in the afternoon.
In the first sampling event of each estimate, captured individuals (all unmarked at this point) were sexed, had their carapace length measured, and then marked. At each successive sampling event the number of marked and unmarked individuals was recorded and the latter ones were then sexed, measured, and marked before all captured aeglids were released back into the stream at the midpoint of the enclosed working area. All these field tasks were performed still during the morning hours, thus allowing enough time for previously and newly marked animals to mix in the population before traps were set again by the end of the day.
Females were easily recognised by the position of the gonopore openings and/or the presence of developing or fully developed pleopods; the latter trait is lacking in males of all age groups (Martin and Abele, 1988) . Carapace length (CL) was measured from the extraorbital sinus (postorbital border) to the mid-posterior border, behind the areolar area, with the aid of a digital calliper to the nearest 0.01 mm. All aeglids with 12.00 mm of CL and above were considered as adults. This was based on size of the smallest ovigerous female ( Two different techniques for marking animals were used. In the summer estimate, animals were marked with a mixture of fine silver purpurin powder and fast-drying gel glue that was prepared just before use. The thin silver spot spread over the areola area of the carapace (Fig. 2a) dried and became water-resistant within seconds. The general roughness surface of the carapace also prevented this dried mark from being scraped off by friction against hard surfaces such as underwater rocks and pebbles. An alternate marking technique was employed in the winter estimate. Animals were marked by cauterization technique as described by Abrahamsson (1965) . A red-hot pinhead was gently pressed against the areolar area of the carapace so as to produce a bright orange-reddish round mark (Fig. 2b) . One clear advantage of this technique is that the mark can still be recognized even after a subsequent moult occurs (Abrahamsson, 1965) . Thus, the decision to employ an alternate marking technique in the second estimate was intended to avoid possible bias as a result of a loss of the silver purpurine-glue marks due to ecdysis, which could interfere with precision of data collection.
Regardless the marking technique employed, all marked animals were kept under observation for a few minutes in a tray filled with water in order to check for general health condition and behaviour, as well as to register any accidental deaths that could be associated with the marking procedures before they were released back in the enclosed working area. At each recapture event, the condition of the exoskeleton of each animal was inspected for evidence of recently-moulted specimens.
Data Analysis
All terms referred to the Schumacher-Eschmeyer and the Schnabel methods are according to Krebs (1999) . The adequacy of the SchumacherEschmeyer method was verified by applying through-the-origin regression (Zar, 1996) on the scatter-plot of the proportion of marked animals in samples (R t /C t ) against the number of marked animals at large(M t ) (Krebs, 1999) for each estimation. A positive linear relationship between these variables occurs if assumptions required to validate the method are met (Seber, 1982; Krebs, 1999) .
For the Schnabel method, the 95% confidence intervals (C.I.) around the estimate were obtained from the Poisson distribution when the total number of recaptured animals was 50 (winter estimate), or calculated from the normal approximation by using the critical value of the t distribution for s-1 degrees of freedom, where s is the number of sampling events, when the total number of recaptured animals was . 50 (summer estimate). For the Schumacher-Eschmeyer method, the normal approximation by using the critical value of the t distribution for s-2 degrees of freedom was employed to determine the 95% confidence limits, regardless the total number of recaptured aeglids (for details, see Krebs, 1999, p. 37-39) .
The Mann-Whitney nonparametric test for two-tailed hypothesis (Zar, 1996) was employed to compare the carapace length between the two sampling periods for each sex.
RESULTS
Both purpurin/glue and cauterization marks remained clearly visible throughout the study period and left no doubt whatsoever in the quick recognition of recaptured (marked) aeglids at each sampling event. No marked aeglids were captured by the additional traps that were set outside the enclosed working area. Also, no freshly moulted (soft exoskeleton) aeglids were captured during both estimate periods. Table 1 shows the gross field data obtained for the summer and the winter estimates. There was a clear tendency of increasing the proportion of marked aeglids (R t /C t ) in relation to unmarked ones with time in both sampling occasions.
The Schumacher-Eschmeyer Estimator For both sampling seasons, the R t /C t Vs M t regression analyses ( Fig. 3a and 3b ) yielded significant results (summer: t ¼ 12.0075; P , 0.001; winter: t ¼ 8.2368; P , 0.001). These results indicate that the assumptions required by the Schumacher-Eschmeyer method were fulfilled.
The estimated population size of Aegla franca in the summer for the enclosed area was 212 individuals (density: 2.8 ind./m 2 ) ( Table 2 ). The lower and upper limits of the 95% confidence intervals around the estimate were 168 and 286, respectively. In the winter, the estimated population size was 218 individuals (density: 2.9 ind./m 2 ) (Table 2 ) and the lower and upper limits of confidence level were 162 and 331, respectively. Although the total number of marked specimens (n ¼ 150) in the summer estimate was higher than that sampled in the winter (n ¼ 87) (Table 1) , the estimated number of aeglids within the isolated working area in both occasions were very close. The similarity between the two estimates is reinforced by the fact that the 95% confidence interval calculated for the summer estimate is completely enclosed within the interval obtained for the winter estimate (Fig. 4) .
The Schnabel Estimator
The estimated population size and the respective 95% confidence intervals of Aegla franca obtained with the Schnabel estimator for each season were very similar to that obtained with the Schmacher-Eschmeyer estimator for each correspondent period (Table 2 ). In the summer the size of the population in the enclosed area was 198 individuals (density: 2.6 ind./m 2 ; lower and upper limits of the 95% confidence intervals: 159 and 263, respectively). In the winter, the estimated size of the population was 202 individuals (density: 2.7 ind./m 2 ; lower and upper confidence limits: 142 and 297, respectively). Again, the 95% confidence interval of the summer estimate is completely inserted within that obtained for the winter estimate.
Size-Classes
In the summer estimate, the mean (6 standard deviation) carapace length were 16.24 6 1.94 mm (range: 11.97-21.21 mm) for males (n ¼ 116) and 13.69 6 1.61 mm (range: 10.59-17.34 mm) for females (n ¼ 39). For the second estimate (winter), the mean carapace length for males (n ¼ 82) were 14.04 6 2.02 mm (range: 9.5-20.04 mm) and 12.39 6 1.94 (range: 8.89-14.39 mm) for females (n ¼ 15). Carapace length differed seasonally in both males (U ¼ 2051; P , 0.05) and females (U ¼ 189; P , 0.05).
Adult specimens (CL ! 12.00 mm) predominated in all sampling events. In the summer estimate, most males Projected Adult Population Size Table 2 presents the projected adult population size of Aegla franca, based on the results obtained by both estimators. For the computation, the percentage of immature specimens (CL , 12.00 mm) was subtracted from each estimate, the density was calculated based on the area of the studied segment of the stream (76.125 m 2 ) and the obtained value was multiplied by the total area estimated for the Barro Preto stream (12,500 m 2 ).
DISCUSSION
The present study provided relevant methodological information concerning the use of mark-recapture methods for aeglid populations. It can be assumed that the estimation procedure was appropriated since a linear relationship between the proportion of marked individuals (R t /C t ) and the number of previously marked individuals (M t ) was observed and this is the best evidence for the validity of the Schumacher-Eschmeyer regression method (Seber 1982, p. 160) . The observed tendency of increasing the proportion of marked aeglids with successive sampling events also indicates that isolation of the study area was effective in preventing migration of marked aeglids out and/or migration of unmarked ones into the enclosed area. Additionally, marked and unmarked aeglids were indistinctly attracted towards the traps, as indicated by the fact that these individuals continued to be significantly sampled during the study period since direct access to the feed pellets used as bait inside the plastic container was prevented to all aeglids. Although both marking techniques proved adequate in this study, the use of purpurin/glue proved to be preferable to cauterization. While the latter technique produces more persistent marks even after the individual moults once (Abrahamsson, 1965) , it might also cause local injuries, if not performed carefully, that could lead to death of the recipient animal, an information which would go unrecorded after its release back to the wild. In addition, while the cauterization technique can be performed in large aeglid specimens (sub-adults and adults), as was the case in the present study, its use in young juveniles (CL , 9 mm) is not recommended because these are more sensitive and vulnerable to the proportionately greater wounded area inflicted by the marking procedure due to their small size, and poses serious threat to their survival afterwards (SLSB, personal observation).
Conversely, the purpurin/glue marking technique proved to be very effective, not time consuming, inflicted no injuries to the aeglids, and could also be safely performed in small juveniles whenever needed. Although the mark is indeed lost when the individual moults, no freshly moulted aeglid was captured during the summer estimate when this technique was employed. Given the considerably large population size of hard-shelled aeglids that has been estimated in the isolated area and, most importantly, considering the fact that the each field study was performed within a short period of eight consecutive days, we concluded that the interference of possible moults (had any really occurred) on the results was negligible. Seber (1982) recommended that experiments of short duration should be carried out if the assumption of constant population size is to hold. Therefore, we concluded that the use of the purpurin/glue technique is adequate for estimating the population size of aeglids, as long as the multiple sampling estimation method is conducted for a short period of consecutive days, as in the present study.
While the summer and winter estimates of population size of Aegla franca provided fairly close results, the CL of both males and females differed significantly between these two samples. This is accounted for by temporal changes in the proportion of younger individuals in the population structure, which in turn is directly affected by the reproductive cycle of Aegla franca. Ovigerous females of Aegla franca are found from May (mid-autumn) through August (late winter) (Bueno et al., unpublished data) . By the end of the winter (late August-early September), postovigerous females of Aegla franca can be observed and some may still be carrying juveniles protected by the flexed pleon of the female. Newly-hatched juveniles will still be too small by February in the following year and are not captured by the traps used in the present study. They will neither attain adult size by the beginning of the very next reproductive period (starting in May) but some may achieve sub-adult size (8.00 mm CL , 12.00 mm) and become sufficiently large and active to be sampled by the traps by July-August. As seen in Fig. 5 , these recruits represent a significant proportion of the population sampled in the winter estimate while the proportion of older animals decreased. On the other hand, the summer sample of this population was composed mainly by approximately 1.5 year old adult individuals (Bueno et al., unpublished data) . A similar seasonal pattern of close abundance and different body size composition due to replacement of individuals of successive cohorts was also observed in two populations of Aegla castro from Itatinga County, State of São Paulo (238089S; 48839W) by Fransozo et al. (2003) and from Ponta Grossa, State of Paraná (258059380S; 508099300W) by Swiech-Ayoub and Masunari (2001) . Comparison of abundance between A. franca and A. castro is only possible in terms of temporal patterns due to different sampling (manual collection with a net) and estimation (120 min effort) methods employed in the studies of the latter species. The only published field study concerning the estimation of population size of aeglids by Bueno and Bond-Buckup (2000) reported marked seasonal fluctuations in the estimated size of the population of Aegla platensis from Rio Grande do Sul state, Southern Brazil. Population density estimations were 10.6 ind/m 2 in the summer and 19.0 ind/m 2 in the winter, which are higher and more variable than those obtained for Aegla franca (2.8 ind./m 2 and 2.9 ind./m 2 for summer and winter, respectively). However, direct comparison of the results of these two studies is again limited due to differences of methodological approaches. Bueno and Bond-Buckup (2000) sampled the aeglids manually with the aid of hand nets which is an active sampling technique that tends to include a higher proportion of smaller non-adult individuals (thus the wider size range observed by the authors), which are less frequently captured by traps, a passive sampling technique. These immature forms of Aegla platensis were not excluded from the analysis. Population size of Aegla platensis was estimated by the Petersen method which is based on a single collection of recaptured animals, and no attempts were made to prevent Aegla platensis individuals from migrating freely or being carried in or out of the study area, which might potentially affect the fulfilment of the closed population assumption required by the method.
The projected size of approximately 30,000 mature individuals of Aegla franca indicates the presence of a well established population of this species in the Barro Preto stream (Table 2 ). This estimate value would put A. franca in the Near Threatened category according to IUCN's criteria for classifying species at risk of extinction (IUCN, 2001) since it is above the limit of less than 10,000 mature individuals, which is one of the criteria that can be considered to characterize the category of Vulnerable. However, we suggest, a priori, that Aegla franca be included under the category of Vulnerable, based on other pertinent distributional information, also considered by the IUCN, albeit these have not been the subject of the present study. For instance, the known occurrence of A. franca is restricted to six small, unconnected streams, that is, the area of occupancy of the species presents a fragmented distributional pattern; the total estimated area of the Barro Preto stream is approximately 12,500 m 2 (or 0.0125 km 2 ), which is in accordance with the limit of less than 2000 km 2 of area of occupancy as defined by IUCN (2001) for species to be included under the Vulnerable category; the total area of occupancy of A. franca still remains well below 2000 km 2 even if the area of the Barro Preto is multiplied by six to comprise all six streams for which the occurrence of this species has been reported.
